The aim of this study is to evaluate the results of total hip arthroplasty in patients with Parkinson's disease during a period of five years, focusing on the assessment of the risks and benefits of surgery. During this period we performed total hip arthroplasty in 14 patients (15 hips) with Parkinson's disease. Patients were evaluated by subjective symptoms and objective findings, with a focus on the use of support while walking and walking distance, severity of Parkinson's disease before surgery and at the time of the last follow-up. During the postoperative period, the following parameters were assessed: length of ICU stay, mobilization, complications, the total duration of hospitalization and follow-up care after discharge.
TOTAL HIP ARTHROPLASTY IN PATIENTS WITH PARKINSON'S DISEASE Introduction
Parkinson's disease is one of the most common neurological diseases with a prevalence of around 150 to 200 per 100,000 persons (20) . It is a progressive neurological disease with major manifestations in the musculoskeletal system. There are four primary symptoms of Parkinson's disease. The first is the tremor, or trembling in hands, arms, legs, jaw, and face. Tremors most often occur while the individual is resting, but not while involved in a task. The second symptom is rigidity, which is an obstacle to the passive motion of the joint. The third is bradykinesia, which is slowness of voluntary movement. Over time, it may become difficult to initiate movement and to complete the movement. The fourth symptom is postural instability, which usually occurs 5-8 years after onset of illness. It is poorly amenable to treatment and leads to disturbances of balance and consequently results in frequent falls and injuries. This symptom is associated with hesitation in initiating movement or so-called braking phenomenon where a patient freezes at the start of walking or crossing the threshold. Due to the rigid stance in which the trunk, hips and knees flexed, gait is also affected. Change of attitude causes change in the center of gravity of the patient and this leads to a reduced steps and in an effort to retain the balance the patient moves faster. During walking when the patient is stopped by another person or fixed object, this leads to his fall (30) .
Several studies have reported a higher risk of bone fractures in patients with Parkinson's disease compared to the general population (11, 12) . The higher risk of fracture in these patients is due to postural instability that increases the risk of fall, reduced bone mineral density due to reduced physical activity, vitamin D deficiency from lack of exposure to UV radiation and secondarily from immobilization-induced hypercalcemia (3, 5, 8, 15, 22) . In the weight-bearing regions of the axial skeleton due to low mobility and limited activity, there is an increased resorption of calcium, which leads to suppression of parathyroid hormone secretion. This reduces the renal production of the active metabolite, 1,25-dihydroxyvitamin D3, which is further aggravated by deficiency resulted from malnutrition and sunlight deprivation. This results in reduced calcium absorption. As bone density decreases and calcium levels normalize, the compensatory hyperparathyreoidism develops leading to severe osteopenia (23) . Fractures occur with increasing frequency in the spine (3.8%), foot (6.6%), ankle (9.1%), ribs (11.9%), humerus (11.9%), distal radius (18.5%) and hip (18.9%) (30) .
Although advancement in pharmacotherapy and surgical treatment has improved the length and quality of life in patients with Parkinson's disease, increases in life expectancy has put them in the risk of fracture, osteoarthritis and osteopenia (30) . This disease in its developed form generally is contraindications for hip arthroplasty. However in practice we encounter patients suffering from Parkinson's disease with fracture of hip joint, or complications of the implanted prosthesis before the onset of neurological diseases such as symptomatic aseptic loosening or periprosthetic fracture of the femur (16, 27, 28) . In the literature only few works dealing with treatment musculoskeletal disability in Parkinson's disease has been published.
The aim of this study is to evaluate the results of total hip arthroplasty in patients with Parkinson's disease in our orthopedic practice during a period of five years, focusing on the assessment of the risks and benefits of surgery.
Patients and Methods
Over a period of five-years between January 2005 and December 2009, 1367 patients underwent primary total hip arthoplasty (THR) in our institution. In a retrospective study, we found that during this period 14 patients (15 hips) with Parkinson's disease underwent total hip replacement. This group consisted of 8 women and 6 men, whose age at the time of operation was between 66 to 83 years with an average of 76 years. 11 patients underwent primary hip replacement and the indication for surgery in 9 patients was proximal femur fracture (subcapital fracture of the femoral neck 6, mediocervical fracture of the femoral neck 1, unstable intertrochanteric fracture 2) and in 2 patients was aseptic necrosis of the femoral head with the collapse. 4 patients who had previously undergone total hip replacement, underwent revision surgery and the indication in 3 patients was aseptic loosening of the acetabular component and in 1 patient was periprosthetic femoral fracture ( Fig. 1 ). All 11 patients undergoing primary total hip arthroplasty were operated using a standard anterolateral Watson-Jones approach, and 4 patients who underwent reimplantation were operated using Bauer's approach. Cemented acetabular components were used in 13 patients (standard implant 8, antidislocation implant 5), and a cementless socket was used in 1 patient who underwent reimplantation. In 1 patient with periprosthetic femoral fracture the previously implanted acetabular component was left in situ since it was well integrated with no signs of wear. Cemented femoral components were used in 10 patients who underwent primary replacement (standard stem 9, extreme stem 1), a cementless revision stem was used in a patient with unstable pertrochanteric fracture and in a patient with a periprosthetic fracture of the femur. In 3 patients who had undergone reimplantation of the acetabular component the femoral stem was recemented into the original cement mantle. Exact types, models and manufacturers of the implants used are introduced in Table 1 . Antibiotics were administered prophylactically for 24 hours and antithrombotic prevention was ensured using low molecular weight heparin and compression stocking. Postoperative rehabilitation was started on the first postoperative day including mobilization in vertical high walker. Retrospective analysis was done from patient's hospital records and out patient's records to evaluate patient's subjective complaints and objective findings, focusing on the use of support while walking and walking distance preoperatively and at the time of last examination. Preoperatively the patients were evaluated for operational risk using American Society of Anesthesiologists (ASA) score and the severity of Parkinson's disease according to the classification of Columbia University, published by Margaret Hoehn and Melvin Yahr (Table 2 ) (14) . During the postoperative period, the following parameters were assessed: length of stay in ICU, postoperative rehabilitation course mobilization, incidence of complications, the total duration of hospitalization and follow-up care after discharge. During the time of the last follow-up patients were assessed for overall mobility according to the criteria of Columbia University. Since the controversy regarding the implantation of total hip arthroplasty in patients with Parkinson's disease, the results were analyzed with special emphasis on postoperative findings and complications without comparing total joint replacement with other operating techniques. For statistical evaluation ordinal data were used for semiquantitative expressing the degree of subjective symptoms, use of support and walking distance before and after surgery. For characterization of the mean values of the random selection median was used. Wilcoxon sign test sequence pairs were tested using the null hypothesis of equality of two medians H0 : Me before = Me after against one-sided alternative hypothesis for the pain H 0 : Me before > Me after and the use of support and distance while walking H 0 : Me before < Me after .
Results
Summary of the results of the operated patients is presented in Table 3 . Length of stay in the hospital was 8-42 days with an average of 19 days. During in-hospital care, the time spend in ICU was 2-9 days with an average of 4 days, the time spend at standard orthopaedic department was 1-25 days with an average of 10 days and 5 patients with difficult postoperative physiotherapy spend 14-21 days with an M -male; F -female; MC -mediocervical fracture of the femoral neck; SC -subcapital fracture of the femoral neck; IT -intertrochanteric unstable fracture; LTS -hospitals with facilities of long term stay; UTI -urinary tract infection; AL -aseptic loosening of the acetabular component; AN -aseptic necrosis of the femoral head average of 16 days at rehabilitation department. At the time of discharge 6 patients were able to walk with crutches and 9 patients walked with the help of a walker. On discharge from the hospital six patients were sent to home care, and 9 patients were transferred to hospitals with facilities of long term stay.
Complications that were encountered postoperatively are listed in Table 4 . After implantation of the total endoprosthesis the complications were observed mainly in patients undergoing surgery for fracture of the proximal femur. Most common complication was urinary tract infection, which was treated with antibiotics according to the sensitivity of the pathological agent. We did not encounter any cases of dislocation of the prosthesis, deep vein thrombosis, pulmonary embolism, hematoma or wound infection. Three patients fell and fractured the femur (2 periprosthetic fractures, 1 un-stable intertrochanteric fracture on the contralateral side) during their follow-up period. All of these fractures were treated operatively. Three patients in our cohort study died (including 2 after treatment of periprosthetic fractures of the femur). Two patients out of 14 patients (15 hips) had sacral decubitus ulcer.
During the follow-up period with an average of 3 years (range 1-5 years) the progression of neurological disability in accordance with the evaluation criteria of Columbia University was recorded in 8 of the 11 patients (12 hips). Evaluation of function in 5 patients (6 hips) showed an increased dependence on the use of support while walking and reduction in the distance that the patient was able to walk. Subjectively 9 patients (10 hips) had no complaints of pain and 2 patients complained of occasional mild pain in the operated hip. Statistical evaluation using the Wilcoxon sign test serial null hypothesis was rejected at a significance level p = 0.05 in favor of the alternative hypothesis for the degree of subjective symptoms (p = 0.00065) and the assessment of use of support and distance while walking (p = 0.042).
Discussion

Solution of orthopaedic problems in patients with
Parkinson's disease is very challenging for associated comorbidity. For achieving of the maximal therapeutic benefit there should be good interdisciplinary cooperation in the field of orthopedics, neurology, physiotherapy and possibly neurosurgery. Although it is infrequent in practice, prior to surgery bone density should be measured for taking into account a possible fracture prevention and prevent further loss of bone mass (30) .Tremor along with other symptoms in Parkinson's patients should be controlled in order to prevent postoperative complications and for improved rehabilitation. A neurologist or neurosurgeon should be consulted in order to take measures to control the symptoms of the disease.
Currently recommended treatment in patients with Parkinson's disease in acute injuries of the proximal femur is dynamic hip screw (DHS) for femoral neck fractures without dislocation and hemiarthroplasty for displaced fractures of the femoral neck, even though the outcome in patients with Parkinson's disease are not as good when compared to general population under same circumstances (13, 18, 26) . For stable intertrochantric fractures the treatment of choice is DHS and in case of unstable trochanteric fractures it is DHS with a trochanteric plate and antirotational screw, proximal femoral nail, gamma nail or other intramedullary implants (1, 17, 19, 24) . In fractures of the femoral neck in our patients with Parkinson disease, the total hip arthoplasty was done instead of hemiarthroplasty since the patients had only minimal or slight musculoskeletal functional disability. In two patients with intertrochanteric fractures a total hip arthroplasty was used instead of conventional osteosynthesis since one patient had severe osteoarthritis of the hip joint, and the other patient had a contralateral proximal femoral fracture and we considered it unwise to keep the patient immobilized or load weight only on to one side.
Although the mortality rate in patients with Parkinson's disease undergoing surgery for fracture of the proximal femur is comparable to the general population, the morbidity is higher in these patients (13) . Rehabilitation should be started early, as soon after postoperative stabilization of the patient in order to minimize complications and achieve the maximum degree of physical activity. According to literature, very poor results were seen after hemiarthroplasty in patients with Parkinson's disease who were not mobilized in the first week after surgery (37% dislocation, 49% of pressure ulcers, 75% mortality) (4). In our group of operated patients, mobilization was started on the first postoperative day and there was no case of prosthesis dislocation, which can be attributed to the surgical technique, intensive postoperative rehabilitation, and patient's care. Patients should be carefully monitored to avoid common complications such as pneumonia, urinary tract infections and pressure ulcers (7) . It is appropriate to meet the patient and his family to discuss the pitfalls of surgery and postoperative rehabilitation including the possible need for an extended hospital stay. The expected outcome of operative treatment is to alleviate pain, even though physical activity usually remains limited, but the patient should be able to walk, even with crutches or walker, or with help of another person. This was confirmed in our study.
There is only a few available reports on the results of total hip arthroplasty in patients with Parkinson's disease (2, 25, 29) . According to literature the rate of dislocation following arthroplasty in fracture of the femoral neck is 2-37% (4, 7, 21, 26 ). An important finding in patients with Parkinson's disease is adduction contracture of the hip joint. Prior to surgery, it's not possible to evaluate abduction due to pain and muscle spasm due to fracture. It is possible that adduction contracture can be overlooked during the operation. For this reason a very careful assessment of the stability of the implanted prosthesis should be done intraoperatively. To prevent instability it is recommended to do an adductor tenotomy, and iliopsoas muscle tenotomy in cases of severe hip flexion contractures (26, 29) . In our 5 patients antidislocation acetabular component was used. Based on perioperative evaluation, the stability of all total hip arthro- plasties was sufficient and no adductor muscle contracture was observed. So none of the patients in our study required an adductor tenotomy. A high percentage of general complications reflects a significantly reduced ability of the patient to comply. Based on studies, the rate of urinary tract infections was 20% and the rate of respiratory infections was 10%, which correspond to results of our study. There was reported 20-47% mortality rate in patients with Parkinson's disease who underwent joint replacement for femoral neck fracture within 6 months after surgery (7, 13, 26, 29) . Above mentioned risk of death for patients proximal femoral fracture in patients with Parkinson's disease does not differ from the general population and in light of this problem it is necessary to look for the influence of age and other comorbidity (6, 10, 13) . Initially the hip arthroplasty was not recommended for the treatment of femoral neck fractures in patients with Parkinson's disease because of very high incidence of dislocation (37%) and mortality (75%). Deaths of all patients with dislocation of the prosthesis within 6 months after surgery was published by Coughlin (4) . This observation was not confirmed in our study, but two of our patients died within 6 months after surgery for periprosthetic femoral fracture, which occured after 2 and 32 months after initial joint arthroplasty.
Even though in about 25% of patients there is inevitable progression of Parkinson's disease with severe disability or death within 5 years, after the onset of the disease and more than 80% of patients become severely handicapped or die after 10-14 years, patients with Parkinson's disease in stages I-III can be walking without or with minimal hip pain (9) . The favorable functional outcome can be achieved when the total hip arthoplasty is carried out before the patient loses relatively good movement of hip and before the onset of severe osteoarthritis (29) .
Conclusion
Surgical treatment in patients with Parkinson's disease is challenging due to the associated comorbidity. Despite the implementation of preventive measures, there is a high percentage of general complications, especially urinary tract infections due to inability of patients to comply. We did not encounter any case of dislocation of the prosthesis, which is often mentioned in the literature. However, the specific complications should be noted, these are periprosthetic fractures in the postoperative period resulting from falls due to the neurological disease. It is necessary to pay more attention to preventing falls and pressure sores during the postoperative period. According to literature the mortality in patients with Parkinson's disease after surgery for femoral neck fracture does not differ when compared with the general population and the hemiarthroplasty is recommended. Implantation of total hip arthroplasty is possible after a careful assessment of neurological function and indicated in patients with minimal or mild functional impairment of the musculoskeletal system. Prerequisite for a good result is precise surgical technique and the optimal position of the implanted components with a balanced tension of the muscles and other soft tissues around the hip joint.
